Abstract Data from the British Zoonoses Action Plan Salmonella Monitoring Programme (ZAP) and from quality assurance schemes for pig producers were combined to enable epidemiological analysis. Information concerning 105,631 samples from 1,806 farms were analysed using a multiple logistic regression model. Results showed that pigs from farms using home mixed rations, from breeder-finisher units, kept on solid floors and from units in England were at increased risk of having a positive meat juice ELISA test result. There was a strong cluster effect. The study made use of routine data so it was not possible to consider possible confounding variables such as herd health.
Introduction All farms sending pigs for slaughter through a British Quality Assured Pork (BQAP) abattoir in GB must be members of a quality assurance scheme. These schemes collect data include type of enterprise, feed use, herd size and other potential risk factors for salmonella infection. Pigs from every batch delivered to all BQAP abattoirs are tested by the MJ ELISA for the ZAP scheme and these results are stored on a dedicated database. These data were combined and analysed using conventional epidemiological approaches to investigate possible risk factors for a positive MJ ELISA result.
Material and Methods
Data from pig quality assurance schemes in England and Scotland and from the ZAP scheme were combined in an MS ACCESS database and transferred into Stata v8 for epidemiological analyses. Each potential explanatory variable was considered independently for evidence of an association with the test result. Those that were statistically significant (p<=0.05) were incorporated into a multivariate logistic regression model and investigated for possible confounding. This model was adjusted to account for clustering at the farm.
Results
Test results from 105,631 samples collected from 1,806 farms between 20 June 2002 and 2 October 2003 were included. 27,256 (25.8%) of these samples were positive in the MJ ELISA test using the S:P 0.25 cut-off value and the distribution amongst herds is shown in figure 1 . A variable for region and new variables to summarise those present in both datasets were defined (see table 1 ). Each of these was independently investigated for evidence of a statistically significant association (p<=0.05) with the MJ ELISA result, taking into account the farm-level clustering. Those variables that were associated with the MJ ELISA result were then used to develop a multiple logistic regression model that was also adjusted for farm (Table 2) .
These results show that risk of a positive MJ ELISA result is reduced amongst pigs derived from farms with breeding pigs or fed home mix rations whilst risk is increased amongst pigs fed a pellet ration during the grower/ finisher cycle. The effect of solid flooring was not significant in the multivariate model, emphasising the importance of controlling for confounding. Region has a significant effect over and above that due to regional variation in the distribution of the risk factors and pigs from Scotland were approximately 60% less likely to be MJ ELISA positive (Adjusted odds ratio = 0.39; 95% confidence interval 0.28 -0.55). There was no evidence of significant interaction amongst these variables.
Finally, the merged dataset was collapsed to facilitate analysis at the farm level. As shown in assigned ZAP 2 or ZAP 3 scores whilst farms with solid flooring for growers and/or finishers were more likely to have ZAP 2 or 3 scores. In this farm level analysis, region could not be considered, as all farms in Scotland were given a ZAP 1 score. Feeding pellets could not be included in the model as this effect was confounded by home mixing.
Discussion This analysis of routine data has demonstrated significant associations between farm level risk factors and MJ ELISA results at the individual pig level. Our analysis has taken into account the clustering effect of farm and we have estimated this cluster effect (deff) as 4.6. Data from more than 100,000 MJ ELISA tests were included in this analysis. The data were also analysed using ZAP score 1 compared to ZAP 2 or 3 at the farm level. Similar risk factors were identified at farm and individual pig level -use of home mixed rations and breeder finisher herds were protective whilst solid flooring increased risk. Comparable results have been reported from Denmark (Wong, 2002; Dahl J, 1997) , USA (Funk JA et al. 2001) and The Netherlands ( van der Wolf PJ et al. 2001) . The impact of home mixing may be associated with a number of factors, including the size of the particles ingested by the pig, the degree of acidity induced within the stomach and intestinal tract and specific ingredients which may induce or repress growth of salmonella. The effect of region could only be estimated using individual pig data, since all farms in Scotland had a ZAP 1 score whereas some 12% of Scottish pigs had a positive test result. These results could be used to identify farms that are likely to have a greater risk of salmonella infection, where other control measures might bring the greatest benefits. The large number of observations also enable risk factors to be considered within a sub-set of farms. For example, amongst specialist finisher units, feeding pellets is associated with a two fold risk of pigs being MJ ELISA positive compared to farms using wet or meal feed (ORadjusted = 2.02; 95% ci 1.53 -2.67). However, it is also evident that data on important a priori confounders, such as the herd health profile, particularly PMWS status (Cook AJC et al. 2001) , or veterinary treatments, is lacking and this does limit interpretation. The large number of observations allows detection of relatively weak associations, eg with type of flooring, that would be unlikely to be observed in an analytical epidemiological study, since the cost of obtaining data from such a large sample would be prohibitive. Furthermore, there is always some reluctance amongst farmers to participate in voluntary studies, not least because of the additional demands upon limited time.
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